As the result of a higher incidence or of recent advances in neurovascular diagnostic techniques, cervical artery dissection is an increasingly recognized cause of stroke, especially in younger people. [1] [2] [3] Bogousslavsky et al 2, 3 discovered carotid artery dissection in 2.5% of 1200 patients with a first stroke and in as many as 22% stroke patients who were younger than 30 years.
Arterial dissections are produced either by intramural hemorrhage, which is probably due to bleeding from the vasa vasorum, or by penetration of blood into the arterial wall through a primary intimal tear. 4, 5 The intramural medial hematoma may lie closer to the adventitia and cause aneurysmal dilatation or may extend toward the intima and cause stenosis. 5 Typical radiologic findings represent different stages of the disease, including a tapered occlusion of the internal carotid artery (ICA) or a long irregular stenosis with sudden reconstitution of the lumen often combined with an aneurysmal dilatation mostly near the base of the skull. 4, 6, 7 Surgical treatment of 50 carotid dissections: Indications and results Several authors 4,6-10 reported a spontaneous recanalization of the stenosed and even occluded dissected internal carotid and normalization of volume blood flow in 47% to 85% of the cases within 6 months.
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In consideration of the high rate of "spontaneous healing," the contemporary approach to acute carotid dissection is nonsurgical with anticoagulation and frequent controls of the diseased artery by Doppler ultrasound scanning, duplex scanning, and intra-arterial conventional angiography. Recently magnetic resonance imaging (MRI) and magnetic resonance angiography (MRA) came into the routine examination to determine the distal extent of the dissection. 7, [11] [12] [13] [14] Persisting high-grade stenosis and persisting or newly developed aneurysm of the dissected internal carotid after a medical treatment of 6 months may represent indications for surgical revascularization to prevent recurrent ischemic or thromboembolic neurologic damage.
PATIENTS AND METHODS
From January 1, 1982, to February 28, 1999 , 49 patients with 50 carotid dissections out of 3114 carotid reconstructions (mostly atherosclerotic lesions) were treated surgically at our institution. Most of the patients were admitted for surgery from other institutions. In the same period, approximately 150 patients with carotid dissection were treated medically at our Department of Neurology.
All dissections, except one, were chronic, and intervention became necessary after a period of anticoagulation because of late complications of dissection. All medical and surgical records and imaging studies were reviewed. The group consisted of 18 women and 31 men, with a mean age of 45.4 years. Every patient was assessed by a neurologist before and after surgical intervention. Diagnosis of carotid dissection was established, and the operative results were examined by angiography in all patients, except those whose internal carotids had been occluded by clip or ligation during surgery. The degree of stenosis before operation and the patency of reconstruction were also evaluated after operation by Doppler ultrasound scanning. Recently additional duplex color scanning, computed tomography (CT), and MRI of the cervical region were used to confirm the correct diagnosis (Fig 1) . Cranial CT was performed in all patients before operation and after operation in those patients who experienced the development of neurologic symptoms.
Follow-up after a mean interval of 70 months (range, 1-190 months) consisted of Doppler ultrasound scanning to control patency of the vascular reconstruction. The patients' medical histories and their personal appraisal of cranial nerve function were obtained.
Cause. For this study, all carotid specimens were newly examined by a single experienced pathologist to identify the cause of the dissection. Histologic specimens were available in 48 cases. From two patients, no specimen had been taken because surgical treatment consisted of open dilatation. These patients did not have a trauma history, and angiography did not show evidence of a fibromuscular dysplasia. For diagnosis of fibromuscular dysplasia, the criteria of Harrison and McCormack 31 were used. In four women and two men (12%), fibromuscular dysplasia was the underlying cause for dissection (Table  I ). To our best knowledge today, proven morphologic criteria to differentiate spontaneous from traumatic dissection do not exist. Intimal rupture can be caused by trauma or by the dissection itself, whereas adventitial alteration is more suspicious for trauma. Besides the patients' history, solid morphologic criteria of an old traumatic dissected carotid aneurysm in this series were a rupture of the intima and media with old scars in the adventitia and perivascular tissue with accumulation of hemosiderin in the neighborhood. Several times we saw a direct and complete rupture of the tunica media with a pronounced retraction of the media from nearly one half of the circumference. In conjunction with a traumatic history, these alterations were considered to be "probably traumatic origin." Despite that 19 of 49 patients (39%) reported a previous trauma as cause for their carotid dissection, careful pathologic examination of the histologic specimen revealed that only 9 of 50 carotid dissections (18%) were traumatic, whereas 35 (70%) had developed spontaneously without recognizable reason (Table I) . No cystic medial necrosis was seen in our series.
In 13 (26%) of the histologic specimens, evidence for additional atherosclerosis could be demonstrated (34% of the spontaneous and 11% of the traumatic carotid dissections).
Symptoms Thirty patients (61%) had experienced a nondisabling stroke as the initial sign. Twelve patients (24%) were admitted after a transient ischemic attack and/or amaurosis fugax. Seven patients (15%) had no cerebral neurologic symptom at the onset of dissection. These patients had severe unilateral headache or neck pain (hemicrania) in conjunction with peripheral cranial nerve palsy (consisting of Horner's syndrome), and paralysis of the peripheral facial nerve, the accessory, and/or the hypoglossal nerve (Table II) . Including deficits because of stroke, a cranial nerve palsy was observed in 20 of 49 patients (41%). Twenty patients (41%) complained of severe headache at the onset of dissection, and five patients (10%) complained of tinnitus (Table II) .
Indication for operative intervention. In more than one half of all cases (54%), indication for surgery concerned an aneurysm formation at the distal end of the dissection near the skull base. In the "early days," we did not have Duplex sonogram scanning, spiral CT, or MRI for preoperative diagnostic work-up. Aneurysm was considered to be an indication for operative intervention, if the arteriography had displayed a saccular aneurysm with 1.5-fold of the ICA near the carotid bulb. Today, aneurysm resection is performed if the "newer diagnostic methods" show thrombi in the aneurysmal cavity. In 11 patients (22%), the arteriography showed a persisting high-grade stenosis of at least 80%, and in nine patients (18%) the aneurysm dilatation was combined with a proximal high-grade stenosis (Fig 2) . Two additional patients were treated because of a high-grade stenosis. Surgery and pathology reports revealed that the stenosis was caused by an intraluminal thrombus floating in the ICA (Table III) . In all but one patient, operation was performed in a chronic stage of dissection after a median conservative treatment period of 9 months (2 months-5 years), including anticoagulation. One patient underwent operation within 12 hours after onset of neurologic symptoms because of fluctuating symptoms and an acute ICA occlusion. The dissection as the underlying cause for occlusion was diagnosed intraoperatively (Figs 3, 4) .
Choice of surgical procedure. Saphenous vein graft replacement after resection of the diseased internal carotid segment was performed in 40 cases (80%). For exposure of the ICA at the base of the skull, the digastric muscle had to be divided. Before the diseased segment was dissected, the patient was given heparin, and the internal carotid artery was clamped proximally to avoid thrombosis and mechanical embolization. In difference to thromboendarterectomy of an atherosclerotic plaque at the carotid bifurcation, the external carotid artery remained open for collateral perfusion. Further exposure required the fracture, but not the removal, of the styloid at its base. After the artery was incised distally, back bleeding was controlled by a balloon catheter, which already had been pushed through the vein graft. If neuromonitoring with either electroencephalography or somatosensory-evoked potential remained unaffected, no shunt was used. Interrupted 7-0 sutures by the parachute technique were used distally, and the proximal anastomosis was sutured in the same fashion with 6-0 sutures. [26] [27] [28] Vascular reconstruction was impossible in five patients because dissection or aneurysmal dilatation extended into the skull. In all of the latter patients, neuromonitoring had remained unaffected during clamping time, so the ICA was clipped or ligated to prevent thromboembolism. In one of these patients, carotid stump pressure was measured additionally and found to be 80 mm Hg. In three patients, the dissection ended more proximally (proximal to the glossopharyngeal nerve). In these patients the ICA could be reconstructed by thromboendarterectomy to remove the thrombus material and the dissected intima/media layers. The arteriotomy was closed with the use of a venous patch. Open gradual dilatation, with the use of metal dilatators, and patch angioplasty were suitable for two patients (Table  IV) . After the operation, low-dose heparinization was administered for 1 week in all patients, and after discharge no further anticoagulation was applied. 
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RESULTS
Early results of surgical management. Only one patient died. The reason was found to be intracranial bleeding, which was confirmed by cranial CT and appeared immediately at the end of surgery in the operating room. Postoperative angiography, performed before discharge, showed that 35 of 44 reconstructed arteries (80%) were patent (Fig 4) . Five arteries had been clipped intraoperatively and remained occluded; 10 of the vascular reconstructions had developed an early occlusion, mainly because the ICA distal to the reconstruction showed a persistent chronic dissection.
Four patients (8%) experienced an intraoperative or perioperative ipsilateral minor recurrent stroke, two of them on account of vein interposition graft occlusion (Table V) . One patient with occlusion of the contralateral internal carotid experienced a contralateral stroke during revascularization of the ipsilateral dissected carotid artery. None of the five patients, whose ICA had to be clipped, experienced a stroke during operation or later on.
Three revisions became necessary because of a wound hemorrhage. During one revision, an early occlusion of an interposition graft was seen (probably caused by the compression of the hematoma) and was successfully treated with a thrombectomy. The reconstruction remained patent afterward. Careful neurologic examination revealed early postoperative dysfunction of one or more cranial nerves in 29 patients (58%; Tables V and VI). In comparison, 20 patients (41%) had shown cranial nerve dysfunction before operation as an initial sign of carotid dissection. Two patients required intermediate feeding through a gastrotomy tube for 8 weeks until swallowing recurred.
Late results. Complete follow-up of 41 patients (85%) after a mean of 70 months (1-190 months) was achieved. Two patients died of unrelated reasons. One patient had a recurrent stroke of unknown cause, and two patients experienced late asymptomatic occlusion of the vascular reconstruction. Cranial nerve function, according to the patients' judgment, remained disturbed in 17 patients, but none of these patients complained of a serious handicap. Thirteen patients (32%) had minor dysphagia, and nine patients (22%) complained of hoarseness after talking for a length of time (Table VI) .
DISCUSSION
The pathogenesis of spontaneous dissection is unknown. In contrast to atherosclerotic lesions, internal carotid dissection is located distally to the carotid bulb and starts at the transition zone, where the elastic type of the artery changes into the muscular type. 32, 33 Ontogenetic aspects may contribute to the understanding of carotid dissection. During embryogenesis, the ICA derives from the third brachial arch artery and the cranial part of the embryogenic dorsal aorta, although the first and second brachial arch artery and caudal parts of the dor- sal aorta regress and may cause a scar with textural disturbances in the wall of the ICA (similar to those of the occluded ductus arteriosus in the aorta). These critical areas could be a predisposing factor for arterial dissection, because the same theory can be applied for spontaneous dissection of the renal and mesenteric arteries. 15 Dissection usually occurs in younger, otherwise healthy persons. 11 The mean age of our patients was 45.4 years. More than two thirds of the carotid dissections in our sample developed spontaneously without any detectable morphologic reason. Only 18% of the histologic specimens showed evidence of a previous trauma, despite the fact that 39% of the patients had mentioned a previous, mostly trifling, trauma before dissection. Carotid dissection in female patients was found to be often associated with fibromuscular dysplasia. Presumably dissection without evident cause develops only in predisposed individuals. Although 85% of our patients had central neurologic symptoms such as stroke, transient ischemic attacks, or amaurosis fugax (which were probably caused by thromboembolic complications), 15% of the patients had only peripheral symptoms, such as severe unilateral headache, face or neck pain, tinnitus, Horner's syndrome, or palsy of cranial nerves (facial, accessory, or hypoglossal nerves). Sudden ipsilateral hemicrania combined with Horner's syndrome or cranial nerve palsy and sometimes a tinnitus is a clue, suggesting carotid dissection. 11, [16] [17] [18] [19] [20] [21] In the retrostyloid space, the ICA, the jugular vein, the glossopharyngeal, the vagus, the accessory and hypoglossal nerves, and the sympathetic chain lie in close vicinity. The mechanical theory postulates that the stretching or compression of these structures during the development of dissection or subadventitial carotid bleeding or expansion of an aneurysm may mechanically damage one or more of the cranial nerves. A second plausible mechanism for cranial nerve palsy in ICA dissection might be impairment of blood supply to the cranial nerves. 16 Facial pain is probably due to the alteration of the fifth cranial nerve and is attributed to the distribution of trigeminal fibers. 22 Stroke patients also complained about headache and cranial nerve palsy; but because the evaluation of the reviews were performed retrospectively, it is difficult to discriminate central from peripheral defects.
As mentioned earlier, primary treatment of acute carotid dissection is nonsurgical, and intervention only becomes necessary if the MRA or angiography (taken after 6 months) displays complications of carotid dissection. Referring to ACAS, 34 we saw an indication for surgical management if a high-grade (at least 80% stenosis) had persisted or had newly developed. Leys et al 35 evaluated the rate of recurrent neurologic events of 105 patients with an angiographically proven dissection of the ICA. After a mean follow-up of 36 months, two patients had a recurrent stroke, three patients had a transient ischemic attack, and three patients had a recurrent dissection of the same vessel. In 90 patients of this series who underwent an second angiography, reopening occurred in 52 patients (partial in two patients) and an aneurysm occurred in five patients. Despite preoperative anticoagulation, we found during the operation that most of the dissected aneurysms had filled with fresh thrombi. In our opinion, aneurysms should be resected to prevent further embolism if CT scans or MRI displays an aneurysm that has at least the double diameter of normal undiseased ICA segment and is filled with thrombus. Fluctuating or deteriorating clinical neurologic symptoms might be an indication for urgent intervention, as we did in one case without knowing the exact cause of carotid occlusion (Figs 3, 4) . More recent case reports describe management of dissecting carotid aneurysms with a combination of an endovascular stent and coil embolization. 23 Levy reported reopening of acute occluded, dissected internal carotid arteries by endovascular methods in selected cases. 24 In our opinion, caution is necessary, because endovascular manipulation of the dissected ICA segment may initiate thromboembolization. Additionally, placement of stents may cause new problems later on; therefore interventional methods should be expected to be bridging rather than definitive procedures.
Surgical treatment of carotid dissection is a difficult procedure because dissection usually involves the distal portion of carotid artery in the neck, which terminates at the entrance of the artery into the petrous bone in most of the cases. This distal level of the disease required exposure of the ICA at skull base in 45 of our patients. The operative techniques for treatment of high carotid lesions was previously described by Fischer et al 25 and by our group. [26] [27] [28] We believe that, especially in young patients, resection of the embolizing aneurysm or of the severe stenosed artery in conjunction with vein grafting should be the preferred method of surgical treatment. Later in life, these patients might experience the development of atherosclerotic occlusive disease in other extracranial arteries and might then benefit from preservation of normal anatomy and flow. 28 We used vein interposition grafting in 80% of the cases. Simple ligation only interrupts flow along the possible source of embolism. However, we were unable to perform vascular reconstitution in five patients (10%), and exclusion of the embolic source (clipping or ligation) seemed to be justified in the presence of sufficient collateral perfusion. All patients were young and had undergone angiography or MRA before intervention that gave evidence of a patent contralateral ICA and patent vertebral arteries. Electroencephalography and somatosensory-evoked potential displayed no disruptions during clamping time because of a sufficient intracerebral collateral flow. 29 None of the patients whose ICA was ligated or clipped experienced a stroke. Research by Ehrenfeld et al 30 has already indicated that carotid artery ligation is safe in those patients whose stump pressure exceeds 70 mm Hg.
Our experience is comparable to the report from the Mayo Clinic. 5 Up to 1994 the former group performed vascular surgery in 22 patients for dissecting carotid aneurysms. In 13 of their patients (59%), the aneurysm was resected and replaced by a vein graft; four patients received a cervical-to-intracranial ICA bypass graft, and five patients (23%) underwent cervical carotid ligation. Similar to our experiences, 9% of the patients experienced a stroke, and facial and lower cranial nerve palsies were seen commonly after high cervical exposure but were transient in most of the cases. Fortunately, all five perioperative strokes in our study were recurrent strokes and nondisabling. Unfortunately more than one half of our patients complained of difficulties in swallowing, and about one third of our patients were hoarse immediately after operation. Also, facial, hypoglossal, and accessory nerve palsy and Horner's syndrome were observed, (Fig 3) showing a patent saphenous vein interposition graft. Eight months after the operation, the patient is well and has experienced a nearly complete recovery from a preoperative stroke. but less frequently. These cranial nerve alterations were caused by compression as a consequence of the difficult surgical approach and, in most of the cases, regressed or disappeared after a few weeks. Remaining deficiency normally is mild (for example, hoarseness after a long speech or minor dysphagia for certain foods or liquids). As previously published, 27 early vein graft occlusion after vascular surgery for carotid dissection is not rare and appeared in 10 reconstructions. However, after a mean follow-up of 70 months, all but one patient were in good shape and had no or only an insignificant neurologic deficiency. One patient had recurrent stroke of unknown cause, although the carotid reconstruction had remained patent.
CONCLUSIONS
According to the literature, acute carotid dissection should be treated predominantly by a conservative approach with anticoagulation for 6 months. Deteriorating or fluctuating neurologic symptoms and early occlusion of the dissected ICA might be an indication for early intervention to restore normal blood flow and to prevent further thromboembolic or ischemic damage. In our opinion, indications and symptoms for later surgical therapy in the chronic stage of disease are persisting severe stenosis or persisting or newly developed aneurysm. The aim is to prevent further ischemic or thromboembolic complications and to resolve symptoms from cerebral hypoperfusion and from local compression. Distal involvement of the ICA requires exposure and replacement of the ICA up to the skull base in most of the cases, and special surgical expertise is warranted. Treatment is associated with a higher morbidity and mortality rate than treatment for atherosclerotic disease at the carotid bifurcation disease.
